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AB_ST.RAC.'C 
-
. T·he n·ature of scou.r of a .fla:·t. s·and. ·b-eac·h, in :front of a seawa 11 
·. . : .. •'. . -.,·. . ' · .. ·. ' ·., . -. : 
was studie·d.:. :The.oretical. developni~nt ~aqe .µse·. of shallow ·water wave 
~ I • '., :. ; ·"':;l 
theory and -bound·ary iay·ei. '. equ~ltto:rts and. a m~thematica 1 m·ode 1 was 
.. 
-~ .: . 
developed ·:for t-he.,·ultfniate :s·c-ou:r d.ep·th in: fr.ont of a seawall. 
'. - ' . . ~ 
It was 
·:....-: 
a-s.s.umed: t·hat the :dr-ag coefficient for ·a spherical particle moving alon:g-
. . 
•.;, . 
,• 
\ 
.... 'H.: 
-.. 
a, £lat .plate· in .an infinite--::f.luid. fi.eld .. is thet s.ame- as--the-.d.r8g ..... .:._c-··._,,_ --·,--s····c-·-.. :.. ____ .,... .. -... .,. .. ,·c· ----·-.-'. ....... . 
·coefficient for ·a spheri.ca.l particle moving through an infinit~ fluid· 
field. The agreement between the m·athe1:na.ttcal model -ang the dimension-al 
.. t. 
analysis is considered good and in:d.icate$ that ·tn.e a~sumptions made .are. 
- ,J,A 
Labor.{ft::·o.ry experi~ents indicated th-_a:e t.:be depth of the scour 
d~pends to'a .latge extent on the wave characteristics. It is also 
found that the scour -length is independent of time but is: a. function 
. 
.... 
·· of incident wave length. The comparison between the -the·.Oretical cal--
culated. valu~s and experimental results shows reasot1:~ble qµ~.ntit~·tive 
j 
_equality. 
-~ 
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'·~·,· 
-X:ll~- ·pt-oh lJ~m. uf :beach e.ros·ion. ·ha:s b~e-en· studi:ed ·v·er-y · exten·sJv·e l,y· 
' 
• 
.. . .• . . . 1 ;b.:een c·o_rtqucted·· in: the, ·clr:ea- of he:-ach et.o·s:iop .. clue to ·''non~bt_e_-a:king:;; wav·es ... 
.. ) 
S .. e:v.era.l .. prt.or studie:s -on .t~ts: parti.cu-la.r, :_t_o.pfc· had beet)._ :rnade .. ln Fr:itz 
Eng:f_neeri·rrg Lab.ora.t-ory of Lehig_h· Uniyersit_y, )3:e·th:leh.etn, _pe·.nnsylv·an-i.a .. 
'· 
-~ 
,':' 
· ··· -~-ave.s: ···w.~s-. qo·nducted in :·1964 cte·a1:ing .wit~ the. stabi lit·y of a h;orf~ontal 
sand bed deposite,d ~n shallow water in front Of an imperrvious seawall: ( 2)* 
... 
·. . 1,;..·. d'' (2) r.e a.c~rE;?. . •. · 
··: 
.The present ·st·udy has :been co.n.fi_n·ed to the- n-6.ti-l:,reaking .shq_:l.1.q.w 
~ 
. 
. 
·wa,t:et' -'Waves pr ogres si.ng toward a seawa-1}-. .In.: .such a c_as·~ ~ wav,e:·S ·ma:y _or: 
. 
-~ ;nta_y hot break on th~- seawall. It has be··en ·thEf ob.j;ec't ?f th:e: ·study· t·o 
.. 
. i:nvestigate the: nature of scour of ·a flat sa.r1.d b.each i.n .fr~ont .o·f a. seawall :·,·· 
' . 
due to w.ave.t action·:· 
_tio·t -considered. 
I 
--·-- ---···- ---· - . -· -- ··-- - --- -- --· -
- -- ---- ·- :.--·--~-..----------.:....----·-----· -----;-·---..,-- . -- -.... . - _ __, . 
* Numbers in pa.rent.he.sis r·ef.-e·r· t:"o -:r·eferet1ce·~ on p_age·s 46 a·q.4: 47 . 
,. 
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When a; system ,'of incident ·wav.~-s pr:og·resse.s '.t.-OW'a'rd. the seawa 11 
• 
and .hits· the seaw~ll,. ·another system 6-f: w.ave-s is fortn,etl. c;lue to the 
. .. . ... 
·tefle·:ction f~om· t~e .s.eaw.all., ·These tw.o··w-av.e ffy.s:t_·enrs form _a; .. third-W:ave· 
i\ ', ........ 
~ . . . .. 
system as the -r.e:fJe.ct:~·d t~t~fve ·.is s.u:peri.mpo.·sed :otr--:c-t·h·e i.ncidertt .w:ave::~ Th.e 
veloci.ty compon.~nts of the new: wave. s_-y.st~m a.~.e .. -.g-iv_er1· b:y tb.'e_ summation 
of the ve loc'ity _contp_onent v~c-to.ts o.f the ·inci-den) .a11d :re:f le¢ted wav·es. 
:·--·-. 
.. ,., 
A s:c-hemati:t ·:explanc;1tlon- of tb:e t.ermi.no·lo.gy i.~: sh·ow.h-- ·-:in Fi;g.irre 1. 
·.· ~- a_ncl' b.·ound.ary l.aye'r ._theory e·qua:~-i..on$.. A- -rnifttiem_a_ti ca 1 mod el. w·h ich. de s.or:ip ~ s: 
I 
.. :; 
tlte. u . 1t:-:im-at¢ '.s:c.our· dep.t.h." has bee.n ob t-aj.ned. .T.he agre.-emen t betw~en th.e 
··theo·;r-e_t'i./ca.l d·e:t_iva:ti_on 'a.nd .. :d~rne·nst-o.n'al ·c:1.n~.lysi s g:a_ve·: .c'o.nsid.erable 
',• ,._ •. 
_assu_ra._nce of: ·t.he' c·o.rre.ctn:ess o'f ·tn.e ·a0s.S1iinptio·ns· .m.ade a:nd the :th·eo:_r,¢:t_tc-~{l.-.~.-. 
·11, 
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Incident Wave 
Wave Leng.th 
Wave Height 
Wave Crest-
! 
Wave Trough 
Water .Depth 
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Ripples 
Envelope .) ' ! 
Loop of Envelope 
Node of Envelope 
.. 
Sandi Scour Length 
Sand Scour Depth 
Reflected ·Wave 
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Seawall , 
: I' 
·Angle of Sea·woll 
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·2~ T· .:H .E · 0: R E T I C A L 
,.·· ,· 
:2~ l Equation of .. MQ;tion- and Equation of Continuity 
..... - ' ,. . . 
'4·" 
-~. . : . . Assume: that water wave motion· is generat~·.d ·fr.-om · :resJ:O:,J1y-- :'a 
. '\' 
-. . 
-0 
.. 
horiz cinta-i .f:o:r:e-e:·,' and. ·_the: flui.d paJ;..te.·rn i .. s: i.rt,otctt.i_o·nal .and ,s-ati~f·:tes 
th-e. v.eiocity _:pot.entt_a:1.· ·requ·tr.e.ments. 
,. 
U.rider· these as·sum.ptions two 
equat.ions ·must .. b.e· s-atisf._i_ecl, gan;ie~ty .. , :Eulerl s: e,qti_ati:on .of moti.o·n aond·. 
. 
. ., .' . . 
.... 
. .-.· ·-·: 
.. ~: 
• 
;, . 
. .d.F ·= ··n·(dm V). 
~-- ---· 
~-
:ov ·+ _ aV· :+ ·w·· _o_V. ·+.•• E.._ __ •._ v :· ·):_· .. 
. · -.dm {u ·-~- V_ -;-_.··_-._ .. Y.· .. , · , · ~ ~ 
·· .·. .OX o .·. .oz · · at .:· 
··(:·:2 .. , 1·=·)·· 
. : .•..... 
. 
. 
.... ., ,-:-~ . 
,w.he!:te· dm is t:h-:e: mass o·f a pa.rti:c::le .in ·tile ·-ve·l.ociity: fie:i-d V (?C, y, z.;. ·tJ:., 
jtl • 
~ ·a)J..d Jt, .. Y·~· z are .c.io~or.di.nat-e .. and t :is: :t:iJt1e. ·· :The surface force on a fluid. 
pa.rticle:~i~ due ·to· press-ur"e while t:he body f,o.·rce .:is· du~ to gravitY..~ -· r 
. . . 
(' 
.E.q:uation (2· .. 1) :c:an be· written as: 
.•, 
- ' 
:t.. - DV 
- ;,_. grad p + ·F = Dt 
p 
· c·2.·:= 2 .. \ 
.. : .• .. J 
•· 
...... • 
and it is usually· referred to as t.he· Euler's. equat:i·o1:1 of, motio:q. •. 
.......... ,. , ...... - - .. - . -· ·-- - . . - - . ;- -·- ~ -- - -- ~ - ~ --- -- . . - __ ·. ·-- -- .. - _ _: _a.:,. - __ __".:__ - - --· - .. _______ : ____ . _,... ----·--·. - - -· -~---.: - - - -- - • ..,. ___ ..- - . -------1---- - -· C 
L) 
.. 
In fuler' s equatipn, the gravity force F ( F , F ., ~ F ) is in 
X. y Z 
~ tune ti:o~o f x, y·,, z,, 
t) 
tet111s of ''gravity force pot1:;ntia1". F x' · FY, F~ ·ts 
·t_ii:" 
j I. 
'I 
, " .,, 
-~~~-=~·.-.·, -...-,;x-"""'"· -c,............,.,··.-·..---~---.....,.1  ~~t:-;..~~~·~·~'" -~-~,...-~., •• :._ ... ,., __ ----~...., ... N-· o,1....i.-..',J.-...-v-z·•-.. ._"""'u,•00.:·;-,.-_ e i ,w-:-.'.,11·.~0.,;-_··..---- . ...-. .:-.' '~•~"••• •C•• •- '•. " 
:4-' 
ifl'' 
·--
'J 
-· 
·------":: 
- - - . ~ - ·-·-: - . 
-· ,,.,. _ _, ____ .,.~-,·· .. ----. 
. "! 
., 
·-6 
·' 
and w:he,n .qtf..fe·r·e-ntiat'ed ·with···re~pect: to ,a~y d:i.'rection ·it y,i_e'Jds the 
T-he· vel.oci ty potential .is gi?_en by the. l:i.ne · ii\tttg._:r·,_al 
x,y,z 
0 
Cu -- dx· +- :v cfy- t ··v,- d-z_J;- ,,. ( 2: .. 3) 
·, 
-- i 
.. From; th¢ F.o;nttnuity equation, div V .··.•· 0, Equatf on {2 .3) ·becomes a: sotu~ 
·-
:;.. 
.' . 2 2··* '2·· ; '.1_ 
.. ' . ' -~ 
.·-:· 
'1.l-·x +wy+fz: :(-. -2 _-·4')· 
. . . . . ·. 
:2·· 
a::_·_y- ~2y 
- . + 
-___ :2 
:o~--- ·2 qy . 
0. {:2 .. 5} 
.. . 
... 
i.--. 2: :S 0µ·11d ary ·c cfnd it ions 
....;,1· 
.. ;" l 
... ~ 
Referring to .Fi_g:,ute'. -2:,, th~. f·oti:owi.ng p:e>µn_dc]:r·y· _conditions. must 
be satisfied 
•· 
y 
·-1:· 
t(a,y,t,t)=o 
Water Levslr-' 
-o 
.Sand· Bed 
y 
Fig. 2. ~eometry of wave ~otion 
*" 2 f means. the second diff:e·reritiation with resp.ect to x. 
.... ···---;-
. ' 
;_.. ... 
X 
"""''-""'' """'-"""'"''""-"--'-........... j,·:....,_..·~:·.-~~"c ·;.,·o ·£tie "\' ~·, ··.;.·· ~.Ct=,4."Ll"~-"',E:..l)'"~LT.Jl.~,U.-.:Y.~.l!..!...;...:J. ..... ~t:.lll0-J.ij¥~.:,.:r.:r..Jt;.:..":,.,f...J:.~.,.-· • l-.:.J~.U.l.;.t:i,-~~,i.:..!.~'"-=•~.:....;,,..,JL...:<~~ ~~~:.,.__~.}.l!.11'...:..0 ~,-, =t 11 'tf'"~~~ •--= t •,q-1 :=, ;' :::r .. ~ ~ t • ~--·--·-,-...~=~·=-".""'•~,,,-.,u~u-.-u~ .. -~>~=•'-"'i=- ff ' 
. )." 
-··---
" 
' 
' 
' 
. \ 
I> 
• 
-7 
·• , --• .~. ~••••-~ ._ ~,..:.,,.- • --~w-·.l-.--•--·:· ~··· • :,·-._ "' ••· -··-· ,•, •' ·. 
s<x ·y· . :z. t.:) ·= o 
. . ' ·.· ' .. ' ... 
1·, 
. -
• __ , 
Along the s.ur.f ..;a:·.;ce. · . the mu·st::=-·be· .z·er·o· .. s··.o 'th·a·t·· · .. · 
.p.res.su·re . . . . . . , .,, .. . ....... , 
1 .. ·. ' 
... . - .r-7. ·p ·- ·o· 
··-·· _p: 'V ··: - · .. · 
.. ,. 
(2. 6).'· 
' ._.,. 
·.:\.) 
,Along the ,bottom, where y · ~]), the wa.ter :parti.deS must remain in 7ontact 
~~ ,b.: - \" 
with: tt . 
..: . . . ·. •· . ' 
".','• 
.. ;/· . 
. -·_. ·-. :! 
0 ··at y. := ·- D · 
. . 
' 
~ ,; - .. ·-. ? -~ ; "i ---.-:. ... ,.. . .. 
·,_--", ·.:. - ·• ··-: ·.... ··-· ... 
In= two·-·d·ime:n.si.o.·n_s, Equ.ati.bn (,i ~· 2) can: .·bfi wr.i:t t.et1 :as 
:or 
du 
-= dt 
~ 
au . au. . ·:au 
- + u --- ·+ V ·---· :;::::: .F· ot. · ax · ~y ·k 
l ~ = oO ·au· 
p ox - ·ox ·-. at 
ou .. d·u 
-·U - .... ·V -· 
· - : · :o:x · · · oy 
•. ,i"I':"';.,,. 
02~. 1 .. [° '* 2 OC2 (M.) ] . . -- - - ·-- - -ox otdX 2 dX ox 
2 ~ 
02~ oO 1 [~ <~>] ·- - - ~-·· atax' - -ox 2 OX ,.__ 
'·· 
·-
01 
- -oy 
+L 
ox 
..... 
'IJ· 
02~ 
~, 
oxoy 
2 ' 
(~) (2'· .• 10) 
where O = · gy _(posit~ye for upward direction).. ·rq.t:egrattrtg .:E.CJ.tia··t.-i.on-
(2 .10), we have 
.f: ·:. - :·g_h ···~t~ ·- _21 
p 0 ·Ci .. ·i1) 
.•, 
.. 
.t 
, , 'r • , 
' 
{ ·, .: 
,· '...'"; 
' 
·--·- . ~·----- ---------····-
". .. ~ : 
,? . 
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I 
I 
i 
f 
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-l 
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I 
I 
y 
.. 
x=x 
K Y=Y 
t=o 
I 
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·- : .. .. . . :Fr·e .. E:i Sut'fiic=e· .. of: 'Wave· M·otion 
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. t~~~~··. 
From .Figure ,3, -:cons1de~ a :p~rti.c le= K on- the surface.. .A:.ft.e-r· ~ti -irrfl n-- -
µ. 0t.- · :6x 
. 'I 
:.-·! 
,,..., ·. 
,,~· 
(.~:. J2) 
·.. ·.• - -
..,.,. 
T·he . :c,o:r~-~=f&·P.Pncl::irtg, pr:e·s .. s1rr .. e= ¢·ha.ng_e_ wt.11 -be 
~ . . 
oP' = _££. :5t +._ -~ :ox. :+ _gt_ 6. _t 
- - at · · - ,, ox· - - 9:y 
F:r.·om:. :E .. qu=~-~·.ft>..n ('2·. 12) and . .( 2 . 13) , =we. w.ill :h-a\1.e·: t··he c ond i ti on of 
.• ,-,-, 
~ ( 2. 14) 
~ l 
' 
From equation ( 2 .11) and Equatio11 (2)14) , [1¢gl¢Ctfog the s.ee.q,nd order of 
. \: . . ... 
.. 
smal 1 values, we ·have 
.a 
, . 
··, , 
C 
·c2 .1s> 
.1-· 
\ 
Equation (2. 7), (2,8), .· (2.11), Ot (2, 15) represe~t i:he bour'tdary conditions 
for the wave motion. •. 
. 
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2 •. ) :Shallow Water W.ave Theories 
. .. 
,2 .~ .. 3: •. 1 Stokes' Wave with Finite Amplitude , 
I 
Shallow wate-r wav.es were first studle.·d by Stoke·s (i880) ~ (S) 
-.~ .. 
~ 
His solutio·n .. was ob,t.ain.ed b.y suc.c.:ess.ive approximations by ex,p·and;i.ng the: 
.... . 
' v:elocity potenti~l ~1:,:pt1:t· :t_,h-~ still water 1e.vel. In· this t:h.eory, i.t i-s 
not necessary to assume that amplitude ·and steepn.e~.s, ijte. small.·· T'he: 
. 
• • <I. .I 
, .. ~ ftnal·~re-su-lts are presented as nonlinear equation_s. 
As stated in prevlou-s sections, the ·b:ound·ary condi't.-ioD.S: .mu,:s:.t.; 
:- ,.-. ' 
... 
Fr:o.rn ·E·quc~1t;:j.op. .(/2 .. 6}.,:· t:he li1ydir.o:stat:ic. prie.ssut·¢:, o.f· itriy water . 
-~ .·. '· . 
particle is'_ 
·-,-:,.~-- -~- ._... . 
. . 
. P - :p:g· (-$ ~- y .} 
.. ' 
Th·e d_fff:ere_ntt:ation· of Equ,atfon (2. 16) is ., 
oP a~ 
- pg . ..2 OX 0 = OX 
. ' 
·r:r,9¢: E,_qu::ftiori .(2 .17) , it is obvious that u 1 
·vE?._le>c-t.:t}t·,. :1S independent of y. 
.\. 
'\ . 
····, 
horiz onta 1 c.omp_one_.ht of 
. ··.,, 
---· _;..: -
;. > .: 
··-·· - ·. --~~ . - ·.,.. __ · __ ,. 
_., ...... ·.i:.·-. ·.;-~--f·· 
,·Q,· 
. .' " 
--···--·~•. ~- _,, -;.,; . 
II 
~-
- ·-~~~-~~....c.--!..---'-,-'-~--'-'"--
- -···~--- ,~ . --· Tiie:_._secoria- order d:[ffererit:.iatfon ___ of Equation (2.17) will yield 
···~. 
the horizontal component o-f ~Gce_leration which, ag!3in, is independent 
of y . . 
... 
~-
\ ' :;.: .. - . ,··· :~·. 
·' 
-~--~------··- -
-~·------~·~ --~·- --
- ~--~· 
- ' . . . .· - ·- . 
-1,, • 
•. j 
. . . 
.: ,,:.t'. ~-·- ----- --- . - ·,,--··---··~-- u_.-._ .. · .. ··~ ...... : .... :-,._. -··-;-.~-_--~:·;""'-·"::'-::·-.- ··:-:s· -··---·:.·-···~---·. -
./ 
,. 
,.., .... _ . 
I 
; / 
• 
. ,-0. •·•,-•-·•~ .......... ,, ...... ~-, •-"•"•'~"""" /'H~••m•TT •·••· • . 
. ..... ··· ..... .,,._,. ·,·,--·.cc,c.;,o,·,·;c·:·r,:··•;,,1.·.- ,_-:,;·;,;,•,.:·•· ;·,-·,.,··-,· - ---~~ 
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·JJp _t,o ·tltis, ·po.in·t in using the the.o.retical hydr~odynamic 
. 
.• 
._:c)J.n_c·ep'ts, no -approximations have bee·n; Iri_a~:l~-. It is obviou-s ,: th·at ::f-h:e 
. . .. 
_important questiJ2n is bow. to defj ne _ the ·stream· function :~,-·and ·:fre.e st.tr:~ 
•,; 
face-!;. 
Fbur'ie:r '.s· ·Theo.r·em;; .: ·Jac}ob.iail- :.El.Jlj?t:ical. "Fiiti'Ct:.ion, and:. C.ompl.ete· 
. ;.· 
·-
. Etliptic Inte,gral. hav:e= be~n used by many tr1vestigators as approximative 
. . 
approaches •. In 195 2; · B.ie-sel de•vl'eloped a:·--s-eeond-order approximaticm-"--of-
. potential 
8 
fur as 
... 
~ = HL cosh 2TI(y_+ D)/L 
2T sinh (2n D/L) 
-1, • 
:: .... 
·X· ·t-·· •. 4· .. "( • ·._)·, 
:S-1.n .. ·. Tf . _-L ... t° . 
.. :.cow·ponent;:s of ~n_y 1i-articl e are·· ob.ta-i ned 
• 
J; :· 
l (TT2H2) cosh 4TT (y + D) /L.:' c:·o':s, _4·· TT . (~ _ !..) 4 ·.TL 4 . ··· ·· . L T 
sinh· {2TID/L) 
0~ 
V = -0~ .. V ~: 
: -~ 
2]! s,inh· 2TT(y + b) /L 
· T s·tnh 2TTD/L · - S, 1.··n .. 2· fr '(-:2:: - t) ·+ . . . ·L . :f.· 
·2·2 1\ 2~. (!1 H ) sinh 4n (y_ + D) /L 
4 .TL . 4 ( /) si._n 4rr .(:·L~---' .. ±) - T'. 
· ·-· s1 nh 2_TTD L 
f 
' ·:-- ,. 
··~ -. 
i: i(2. 2-C)) . 
\. 
•., 
" 
: 
} .; 
,. 
--~--~~---
:' !"· 
-~ 
' 
l 
.... _.,\o· 
--· '. ·-········--·· .- ··',• .. . , 
-
0 ·,lo\ 
··: .'. 
\' 
. ~· 
:"!( ••. ,, 
-11 
... 
I .. 
! .·.· 
... 
. :~;p:_~ fr.e.e $ui.fac.e: w.i_ll be: 
:·,4: 
i·. 2 
'~ 
., . f: -~ JI: _· :. . . ,, .,.,. ~ t) TTH 
----~-_,.2 -·e-e:s L« ·'L ·--· T 4L 
.. 
. 2 
+ T1H 
4L 
..... 
3 1 +---2---. ~- •· :2TTI) - .. :x. t ,· CO th : .. ·_. ·. . c.O:$. ·4n (~- ;..· -): 
2 sinh (2nD/L). L· ,L: T · 
,· 2.3.2 Cnoidal Theory 
~ . ··,. '. 
In 1844; Scott Rti-:S,_$¢1.1. :db.s-erved.;.a- different kind. ·.of wave 
-~ 
... . . 
ca.ll·ed the ''_s.o l..i ta;ty· 'Wave.f', wlllGh tepre·sen.ts a sing le c;list~-r.b ance., prop-
.. 
. / 
-agated. esse-n·t:,i:al l,y· ti"naltered :in f:orl:Ii. ov·¢r :lon_g distanc:e. at a c.ons·tant 
1 • A. · f ·1 J B •· .( .. l· .8··.7· ·'1· ·) (· i z): . a. · ..n ..a·.· · R '1· •· h·. ve oc1 ty. .. ·_ ·. e·w. :yea::r.s: . ·at:-er, .. · ·ou~s:ftte_sq L. . ·ay e:1.g, 
{1876):(1.Z)· -deve-l'oped mathematical equation·s· for: its' profile. -~-nd ve-loci:t:y-.. ·- . , . 
·!:n 18-9.5., ·o. J. Korteweg .and G .... deVries mod.if:Loo Rayleigh'-~ -the-o.r·y· fn suc.-h 
.. 
:~ w~y, as. ·t:o ·:obtain waves that are peric;,dic in profile ancf w-hi:ch tend· to· 
:the soittary wave in the limiting ca-se· of lpng_ wave. le:ngth. Thi.>s 1:s 
·c·~·:lled t:he cnoida 1 the-oty. 
. ~ 
' 
,\, 
The: ·v¢·1ocd.t_y compop.~rtt:s of:· -ariy: ·wate'r: :par·:t,Jcle .{il t·he water can- ·,· 
-·~f: 
.be: ,d.et.ermliled' from· 
...... 
[~ .h2. (~ 2 a.2h] (/"gD) + _.L) ·u ·-- -·v 
4D2 3 2D ax2 
[ l h ) £!! + .!. 2 o3h] (JgD) (D fn) :v· = y (- - -·.. ' ox 3 D 2D2. dXJ .. ,. ·(2 . :23)'. 
'· 
where 
• • . 1 
... · . . - ·. . 2 r . 
:h . · -~n +· ··y. +· .H en 2K(k) 
. . · . . . · ··t . ··. · L · 
' • 
' 
• I • 
X t ] · <L·---f},- k . - ... 
.J 
... 
.. 
. ~ 
.·, 1,: 
.. J, ... ·, .• 
.. 
•. ~ .· .. ~---,.,,-,-..._..,:-
. -.:}· 
... 
... ---·. 
. , 
, .. 
. 
___ ... ,,_. -_____ ..... _.,-~-··- .... --~-·-·-- .... ---·~--- ··---- ... 
..-. 
.. 
: ( . ~· 
. ,, 
' . 
.' , .... ~ . 
. ·~,., ...... ·- .. ~ . .-·,· '·.)~~.·. 
., 
~ .... '·'f· • 
.. 
. -~"'~ . !· .. :. 
... ·:..·.,;., I • .... ,, . 
• 
•. 
-~ 
. ~-
-
-·~-------
. - -------
.. 
as 
n/2 
K(k) - 1 • 
0 
. d~ 
2 . 2 1 ( t ~- ·'.k - · sin - ~) ~ 
·-,-T'he :free ·surf ace· proft·l.e .is 
·\\ (~ -. ~)' k] ~ ·. 
.O· < ·k- < I 
.,.:, 
j 
./ 
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-A ·cqinp·a::ti_s·o.n .of -·horizonta,1.-·vefo:c-:L_ty_-- com.ponetJ.tS of· :water· particles ainOtJ:g_ --
.. ..:.. 
-k.- .. 
. ~ 
_ t.he_·LiL\ear Theor:y·_, -st·O-kes s·e_con_d O'rder Theory and Cnoi_dal Theory had ~ee11-: ,, ·' (l 
-
b -, - 1· -_:(·1·.9·6-0_.)--__ -_.---.<. lZ): made y Wiege-· 
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i: 
·-~. : If the mean· diameter· of. a .sedirnen·"t: _p·c:1t:t:icle (5-0 =·per: ·ce_t(t fine:r 
--! 
•r "•., 
.< 
··.·p_y·:we.ight) 1_--s::'·d,. -arid u·* is t:,he lo.cal fluid ve.lcicity par .. a'lJel<to the' 
tTdz 
·4 ~ . 
r· 
-.~·. 
where en is the·. c:qe:~EJic:·:Lent of d~~$.c,_: Jj,_ is the d:ep.::sity of: th_e :flUi:_<f! 
. ~ •' 
·p: 
u2 
Fo = CoP 2 
-
Fig. 5 Initial Movement of a Sand Particle \ . 
... ~ . 
·1. .. ·«·--···-
:-~ 
\. . . ·_,i - .. 
r , . 
- e . \ . C.onstd·et a particle P .as shown in Fig. S; -· ·is the :7a.ngl~: o_f ·\,. 
··., 
The moment wh:LCh ;is just suffl¢;ieht t:o initiate .movement of the ·\ .. . . . . . . ·. ·. . . .. . . . Yf. 
' p~rticl.~: .. ab·out._ M· :must e.·qtial. ·the momi{n.t of 'i.t:s own ,we·ig.ht ·about po:·t.nt. }1. ~ G,: j ·, . • 
'!t.: . 
. :,: 
\ 
\ 
• 
-- --- ~·--tr-
. . 'l 
,1. 
" 
. ..: 
. :./ ... 
where y is·: t·ti:e :s.pe:ciftc we:i·g''.ht: o.f ·fhe: se:dime.-q.t·,. y.·· .. is th·e .. sp.ect·f.tc. w~,i·:g ....Jft . s '• . . .. 
. •~. . 
..• 
-of· the -::fluid. 
cD. is t.he coef ffci¢1.1.t o.f dr·ag•; which is a functLo.n of :&eyQolffs 
. Number and. -c.an be: f°-ciund. from- :Fig:!:· ·6 .• , , 
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2 .. 5, Boundary Layer Along a Flat ·Sand Bed 
The mechanics _of sediment movement wet~- discussed in ihe 
-.p.r,evfous: s·ecti.ott and u*·· .was., de-fined as the '.Joc:al, ·horizontal ve~·ocity· · 
p:a.railel :to :the bottom.. Howev-er:, t.he·· s.-?:nd particle is so small fh_ct"t: / 
~~ .: . ·. 
th¢ b.oundar:y .la_yer· ef:f_~:ct mu.st b:e. ,:faken .. i.r:itq c~n.sid¢rati-on/ Fortunate.J:;)1 
~:-
·t ij e. ·:hound:ary 1-ay~t a_lqr;ig· a: ·.plate ·ts t:h·e .. S·~m_p_ 1~~-t e:iample. of th·e app __ lt-·: 
I,.·. 
cation' o.f Prandtl '.s· Bouti:cJ.ary Layer Thenry. 
.. 
.' 
Based: u.pon :t·he c.no·1d·a1 wave theor·y and: 1:aborirt·or..:y. (lb s.ervati,on-:s 
-
. -(Fig. 3), it is rea·.sonable t.o assume that t:h,e flu.id flow·· pa·ttern ·betwe·en. 
. . . 
the sand bed anti: -w:ate·r -surface (within the ·s:c·o.ut wave 1en-gt.h) ts u.nt:form 
.. 
.. 
. 
. __ and. s_~~.1:1.~Y~ .. ?.': ... t~!L.:~. ·--~-onstant. The Pr aticltl' s boundary layer eqt1.atidl)'i' 
can be sim:pl.:l:fte:d arid . pr:·es-en:ted,.,.~i!·n the f ollowi-ng ·fo:rm :' 
~-.. 
_fa. ~ 
;· 
... au.*. ·-_ :av-*· 
·ax . + .qy· .... 0 (2.29) 
•· 
( 2.:•' _30) 
~!: 
.• 1_: 
·-
.· .. : I·f .Q : .. ts- :t..b¢· th.i.ckn·e-ss· of: the J~ 9µ_t1_d:_ar,.y· lay·er·,, .th:e: ,relation of 
.,· . .k 
.6 -~ :.(v'.t) ·2 is· tis:ed iti: :the_ cas.e. :of ::a .sudd-enly- accel:et·a:t-'ed: plate (where · . ~ ~....... 
·. -
. 
. . a·~·-.-x·~-- 6. ,an·d: y > >.- 6 at tJ.m¢ ·t "~· o, then··· ~.ft-~r a:tJ.me i.nterva1·· of ·-1:, .. 
.. 
. . 
,the par tic le. must b.e a:t x: = Ut, or -t =· x/'.U... S"ul;>stl:t·uting ·this · val;ue 
into ,the :above :tel-at:lt~n we have: 
' -.... 
···--- - -·-- .-~---
5 
.; 
·-· • ,'J 
u-'. 
:·-'-Y···· 
,, 
. \ 
-16 
iJ • 
. , 
-c·i:.:3fa) 
r 
... 
.. 
where 11, :~· :y/6: i:s d:e.flne.d -as: a dl.rrien··stonlesa term •. 
:"'--'-, .. ·· 
-F~r:om tlJ~'c:J;ef.init::i..o·ri o.f· :s_:tr.eam fu-n~tion, ·we. lrav~ .! . 
.  
.. 
.· .. --._:. 
-· 
''* ·u.: £.' 
------ 'U· ,·== 
• 
•· 
·.:-. 
1" 
,· 
where f' (T.l} ·ls t.h·e first orqer· di'f:fer.e_ntiati..o_n· of ·fhe- d'ltneif~·Jonl:~ss· 
.of :£1-~W difue·_n·sio.-nle-s:s c·oordirt~te lllay be. :c;,1:>t-ained •. T=hfs e quat:~c;ln- t·oge:t::'.he.'i:~. 
'vti 11 f.-:o_.rrn -a non -.1.i near .d i-ff_e~ r-en.ti a l · e. q_ :t1a t ton-_- .of. 't°he t hiJ;:_d p ;r:itex , . . ,· ,. 
I , ,. 
(2.32b) 
--=--~---· 
'.Th:e s_:o_fu.t:i.on of t·hi:s ·eqµat;:-i:c;:q is v¢ry· difficult =and peyortd-
the scope of the p:tesent study. ln 1938, L, Flowa:tth(,2) gave.·<!• very 
ac-cur·ate so-lµtiori .of this dif.'f:e:r:ential equation. 
o' ' 
.. 
•'' 
-
. . T.he.- following tabie was taken. from Howarth. 
"" 
Onl-y·· the:. t.erm$ 
" 
µ:::se·d in the p:resent study are listed.:. 
4-
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.. ; . 
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i:r··A: B_·L E.. ·1 
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., TllE· .F\lNC110N': -QF £_: ('fl) °FOR ·THE BOUNDARY LAYER ALONG A ·FUT PLATE ' .. . . - . 
-------~,"""~...---~~~·~~----~---·-- .. • . 
ll; 
'· 
~-~.- ·_ . --,-.-
. -
_.AT ZERO. INCIDENCE,· (AFrER L. HCl-lARTH) <2>. 
r:,·, 
.--:1• 
·' 
~ . u 1-
. 2 TV=y(-) 
. . . \JX 
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... p.2· .• -6 A Theoretical Equation for Wave Scour 
Partial ·or complete _wave reflection will occur· f·rom a seawall· 
- . 
·- _- depending on the _a11.gle 0£ the· seawall. The _incident;-_ and.· superimposed 
• O ~.: .. ._,.,..• -, •"• .. •"":•~•-;. ,:,.:, ,,..--:-. • ~·. _ _.,: - O '" ... ' • ••o• ~ ""' .... ,•· 0 • • • •.•, ... .0 • • .-...... .- •• , ••••• -·· - o,• --· ...... o .... ---··- _,. --, •• ..: ... • ..... '7'--....... -,.~:......._, -· O ·-·•-•" ...... -·-•• .......... ..:..... L ..... , •- ,• • -··"•"< ,-, .. -.:~ •,•- +• c- ----:-- ~ 0 •• -:·,~--_.., -~--- ._,.,.._ -·-··--- .. ,. ' ·, 
-
--waves will form .an =envelop~ as indicat.ed in· _Fig_" 7.,. ./ 
.\. 
---.-·;. : 
.. , .. 
.~ . 
' : ;: . . 
Crest 
• 1n. 
IM' IN' 
I I 
I I 
P· I I 
I I -Sand Bed 1M 1N 
D 
Trough 
\) . 
7777711777177717777777717777777777177777777) 
r 
•• 
·."f 
-~ . 
. .. 
-·~. 
· Fig. 7 Envelope .. ·of Wave Motion 
·- • --. - , - • • - . -· --~ ,. ..• ·, ....... -. -,: ·- . ..,,, .• -- • -- .... :·--...... _.,._ >•. ': ... --.. : ••. - . . ••••• • - • - • ... . • . • "'I • . --
It was observed that the· sur·f'ace of the sand bed first becomes 
. . . .. 
•• 
, 
rippled under the nodes of the envel~He .... (Point_ N in Fig. 7) A few • 
minutes la_ter the rippled surface ext·ertd · to cover the entire. sand bed_. 
.. • 
~ _____ _ __. --· --··. _ . -, --···- ·- ~ -·- ., _ ..... , ~- .. ____ .. --·----- ... -·- -.---• ... ___ ·-·-=---···--' , · · -- -·..!.1~.-;-;;;: ····,· .. ·• .. u-;,;;.~. ---~.-..-,z ...... .-.:'.!::::>...a..;;~~.-._.._..~ r ·..:. .:·-··--· ••· 
Soon after the formation of these ripples· the actual scour fonnations 
. -~'.' . : 
,, 
"· 
.-<•'• :..: __ .. _'." 
,l ' 
'.r, ....... ~- 0 ".--• ......... :.""'!"-_:. R •-.••.:, •• .:.,...~ _,..: .... ..:... ,.•~-· •• ..... -• 
··:--c-
. .~· 
...... 
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. .. . 
,, ' 
• • •. - ,·--~-.. -----.---~, ....... -,:~•,;r.:oJl'.':.4w"" •.• ...,... •·J"'"-'-'<t-<--• .... 's=···"""' • 7"'''' :-,,..--.-',• 
"· ...... ' 
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.. 
,. 
:.· .. 
I· 
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--· .• 
- . ~-_ppear. T:he crests and troughs of th·e . -s-~n·c;I -.f:orm·ation·s: · ·cor.,r:e·s·pond to the 
"i• 
. 
.. loops and n:odes 0£· th·e envelope .• ,_.· - '-.. ·.· ..• 
,.. . 
-.. 
'follows··. 
-- . 
- . .. ·when the experiment is :"started with a flat sand bed, the 
horizontal velocity c-omponent.· under the, nc;>de is affect_ed more th,a.n t."-he 
·· horizontal .veJ.ocity .c,omporterit. :uq.der· the- lqpp,. so that the primary sc:our 
. ., 
. occurs under· ·tJi.:e :n_ocfee o.f ·tlle.·eirv·etope. -· ~ 
. 
A: few h.ours .ta·ter- {usu.a-Lly 
'. . 
. ' 
l ·tq: :3 h:ours),o the .c-rests .~of the ~and format.ion .. -µio_ve- under. th·e n·odes 0 
:~ 
__,, 
·~ 
-~ t:h·e env·elo··p.e. Tht-.s relative -pos-ltlon. w-ill noru)a.J_ly: last throughout . 
.. 
t:he dur·ati on o·f.: the_ e~pe:rinieJ1.-t:· • 
r 
• 
:t,he .. m·os·t .j~mppt·:-tarit is ·u*.._ I·ri other wor·d:_s, 1i*, the loc.a·l v~ loc-i ty 
p·arall.el to: th~ bottom, .is t-he m~in :fac.~pr ·d:eterrntning the depth .. of. 
liity is valfd in this case:. It: is the·n .{tJgfc,al to say, that when ·scour· . 
depth incre.ases, .. the l.ocal ·:v·efoci·ty must dec:r·e.a.se until a certain point' 
..• 
-i 
w-here the ultima:t.e scour d:e·p,th is reached .. : This· does n_ot imply that 
. .,_.... 
socour and sediment tran:sfer· cQme: t.o .a_ ·stop, it is only -~( limit wh:Lch i$ ., .• 
. approac·hed · asymptot.ic--ally. , 
'\ 
' Figure a· shows a side elevation .o.f .s:and bed. Section "a'' 
~ 
. represents tpe initial c6nd.ition {before th,e ·s_cour) and section "b" 
' .,. 
represents·:,the condition when the ulti~-~t:e, s~ou:r .·i.s :r:e .. ~ched.· •. 
.. \, 
. , 
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Section a Section b 
D 
• I . 
----•. :- .... · ... : .. . . . . . . . . 
• • • • 
• • 
• 
• • 
• 
or 
• 
• 
• • • 
. .; ~ . .. -' 
.. 
' J"• .• G:~,>m~·t.r.y ·of S\~i.n:q_ S'.cpu,r: 
·, 
:_Qot1:tI·nA1:i'ty equ:at·~,on: ·oatj b·e ·wr..itt·et1 --~~tw~:en ·.section 
~ ~ 
I• 
- . ·. . l. : ... 
u· {~ ·-· ··2_··, .. ·· A) - U a: =-.-· ,b. 
·u. = :U 
:b· ·,8 
I . ~-
D~- A 
2 
D ! A +- S 2 
( .,. l A . . , .) .·n - ·2, ·. +· S::_. 
,:• . 
lf "ii a. 
:(2. 33) 
':Thi.:$ :~·quatiori sh/ould b:e mod:i.fi.ed. t.o tiik.e ac~_ount o-f: ~.e£"l.:e .. c·t.ion. . The · 
.. 
-20 
,teflected w-ave· '-1:·e.i·g·ht is ,a functlo'n ·of 
_._ __ lope ·o.£· :~he seawall. Where-
t;:he two wave sys te.n1~ ap·pr.oach from directions and are .. super-
. ' 
~ ... ,_ ···-·.-~-~ -- ·--. -~ -~ -- - - ---
iJ1f pcis ed, t.he· -v:e.:1 opiJ.y comp.one·n.t s m~y 
. aed' v~c .. torially. 
• ~ •· . . ·I 
· --- -~: {".s:,.·,,e.=qua;tion ·(2~ 3'2) .. , :we .hav.e 
- . ... . . 
~· 
'' 
--.-:-- --- (1 .. C· } f: r (1)) 
.. r \ 
J 
where Cr is· .refle·ction co~f:r:tcfe·.nt;·.; d:e_f:t·ned 
A 
- B .8a C - -
·~ r A + B 
·~ 
! ... 
(' ,.. 
.... 
.....: 
; ~ 
l 
' , 
! 
... ~ 
·.·'· 
·• 
--· ~· 
r 
. ~-
·\:· .. ~ 
.. ,. ;,.19' .... 
. ·,,.. 
' •1.~ 
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~' 
• 
·,S:"ubsti.t.u~~ng Equ·at iQn · ( 3 • ~ into E.quati:on· :.(2.,2;7) .Etn~• .~.implifying, .thE?. 
f:oll.owing .e,cpression is obtained:· 
'-· where 
-~ 
.\ 
.4 
L 
., 
. '~' ( . 
S = {D - 'f A ) ... 
;..•: 
'· 
."'CV· 
.:,, 
.,,..' ·!. 
' . 
·'!': 
. 
l',-
{o - .c .) t" 
' 
-~ 
u* 
·~ . 
:< 
" 
' 
1 .~ 
- 1] 3 .. cot e 2 ~ (4···Cl> P·· cf·(\( .. -· ....... yy) . . "-, (2-. 36)· 
-s 
·, 
. "· 
,•i-:7, 
.... 
"· 
'· 
;; ,, 
i, 
'·· 
;:, 
".,, 
I': 
D 
I 
• ., -•• ,•••-•~-.• ,, .... v ..... --•· ......... ---·••• --•• .-..~-- -- -··- -
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3. D I M E N S I 0---'N A L A. N A L Y S L S 
. . :' i. 
:. c;~.~-.. _.. .. 
, .. :.)~: -
'· ..... 
··-
.3 .t _Significant Variables .·· I ........ 
"#t}f'. ·-
:• 
The .fo:lJowing mc;;l.Y :be: c·o.ns.i.de:re:d· :t.o ,b:e t:he significant: \r'a-tiables: 
.. 
. ,~-
- ···-·· - ! 
-D· .:q Still Water Depth 
·~ 
R Lncid~nt·Wave-Height. 
. ·, 
-1< ' .. Wave Trough ·t9 -B-d"-tt-om· 
--' 
L 
S: . Scour Depth 
....,.. ... 
.•• 
\ ,Sand Wave- Leng_t:·h. 
·• t. ·Wave Per-iud 
. c 
'"' 
. . . . . . . .. . . . .. . ; f 
·µ Vts:cosi.ty- of Water· 
. •.. 
p D.ens,it y_ .cif W.at:e_r 
y·· ·Spe·c.-lf i c Weight 6 f W,a_t.e,t 
.. . '. 
-y._
8 
·· Spec~fi:c---Weight of S_and · 
• 
Units 
. ,£ t.-
. f.=t 
. . . 
:ft .• 
ft-
'- . •-
:f.t .. .... 
. ' 
:sec .• 
. ·-
.. 
ft=. l.s:e .. c .. _ 
.,· ,. ·~ 
:lb:-~ se-c • ../· f e'. _·z 
. -· _--- 2 
.. f't · .: / s:e .c •. •· · 
.. 
• • V 
2.. -4 1 b . t·f' .... _· 
·.L :-se·c: · ._· ·t· . ·· 
. . . . . : ' ... ~ 
'lb/ft .. 3 
'lb/ft; _.' 3' 
.d . Mean Diameter of Sand Pa·rtic.:l.e·,. ,50% f-~:he_:r- :f-t.:' 
·• 
-- - - -- --at- - -.- :SJ_ope: o-f -S-eawall 
( 
. . 
, ..·"-'--'-'--'-1·· 
';• -
' 
. 
C· Reflecti_on Coef f ici-e.nt' 
.. .-r 
cl¢g·r¢~: 
'. 
.. 
,: 
,l,, 
. ··-- - . --~~-·· ·-·- ·----- -,~~. -~---,-·------ ----···. ' - ... 
. . . 
.: •• : ,, • < •• ._- •• _ i • ·~ : ! ' ' .. 
... ' ' • · '- ·.1 ·,, ··~.- ,'1 ~ ,", . 
• 
Dimensions 
L 
L 
·1. 
.~, 
·~- ·. 
L 
L 
:_L· 
:J.i/T-
FT/L2 
. 2 L/'r:. 
. .2' . 4 . FT,, /L -
. ,. . 
. ;'· .3 
.F, t· 
·.F/t~.--
·-L' . --
.:Q· 
: . . . 
..... ··. 
-,· ... -
. . ;~ .. 
.  
_•._: . 
. , 
.... ·;--
......... ;..... 
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.So., for simplicity I< i:s,.- (rs.:eci: -instead of H and D. 
·/ I ' ••. 
.. 
f (i<, .. L, S, ·A, t· ;' T, V-, µ,, g, p, y, 'Y.s .,· :9., a_, :~~:"'.: 9-) :=O (3 ~-1), 
~ ~- . . -" ~
Using for· Force~·Lengi'h-Time .system (FLI::), 1;p~·'. vli~t.:fabie.$: :nia-y· be' .I.i·~ted , .. -.·• 
as follows:-
• 
Variables 
, '•. · .. _...__ 
·.f· 
~.. . . 
';, 
/ 
I. 
K 
L 
s: 
t 
Ys. 
. d: 
..... 
. - ---- -~·.:..· .. ,, ..... . 
C 
r 
e 
i·. 
.. ' 
TAB-LE 2 
SIGNIFICANT VARIABLES 
F 
o· 
0 
o: 
0· 
·O·· :..-. ,·.' 
l 
r . 
1. 
1 
1 . . 
,. 0 
--- .. = --
0 
·O. 
:O' 
.: •. ·! 
" 
._; 
t 
·1 
1 
l 
1 
·o 
·O. 
l 
-2· 
1 
-4 
.-3-
1 .. · . 
0 
-.· :o·-·. 
-o: 
• 
... 
-~. 
·-
·, 
.; 
T 
0 
0 
0 
0 
1 
I 
-1 
l. 
., :2 
.Q· 
0 
{): 
0 
- . ·-···· ..... · 
"A It -~·, 
•e: 
··~ ., 
·:.:· 
-· -~-~ ; .. 
i:.,. 
: .. ,__ 
. ... 
·--· 
,. 
.. 
.. ... 
.. ~.' ,, ' ' .. 
-.1·· 
. , 
3.2 ·Dimensionless Terms 
S,e.t, u,p: . C , • .. · • • • , • 
:( 
__ ..._,..,.... __ ----~ r.~ !'· ~ 
. ( 
• 
tT Kx2 ·. y·2.- ·z 2 . 
2._· - V.· :p .S 
,I 
,.'·yJ: .. z:3 V .··. ·p .. · (' .'. · .
.,." . . 
TI
. . . x5 . ·y·· 5_ z .. 5.. · . 
. · K. .·y-, ·_. p··- · · . T·· 5 
·TI· = K .. _:x7 
.. ]' Vy7 ... ,z7 . . p g: 
·n.·. x8 yYB pz:8: 8 ·- &~ •, :l 
-n· - .Kx9 
.9. 
'TT 
10 
xlO 
- K . 
_11 _ Kxll 
11 
:~ 
Vy 10 . z:l.Q. . p: · -~I.: 
.. 
Vyl .. l zl.l p . .· . CV-
rr . , =. -K~ l,J -vY l~.. ..P .. z t :::i -e. _·13 :;, r 
. 
i 
./ 
-I 
' 
,, 
I• ·,. 
: .... 
,:,,-;, 
.:..:-.: 
.•.::.· .··'.~. 
- ··-· -~--- . . .. -·---··- .. •- .... :, -~- --·-- --~ ·-·-· - -
.. 4 
•• Q.· _ ... 
,. 
:-,.· 
, .. 
-·;······ 
... "-, 
.,. 
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· Solving the previou·s equations, t_-he.· ;,following TI terms can be 
obtained~ 
··r 
· f <t t t ~. ~. ~P = ~. , · ~. ;~P, ;;:. t a1' ex, e)= o {3.Za), ._. 
.. ~ .. 
· · TI · arid TI· ·TT arid, :ff: . ·a.n .. d.. n ... ].·.·: .an ... ·d ... n8·.· .:and n,·_~·-·, .. can be comb.i:.ned ... irit'b = 1 -- ... 3'· ·6~---· · · · . ·5'' 
tlie fol 1 owing TT -tetins : 
·' 
. ,; 
•O,r 
' T\4 = tr) f\ = A/'L 
v2 
p 
d (y - -y) 
s 
··Equa~ton (3.1). can be'written as:· 
v2 
f c~· "- T 1 e 1 e, - - -d(y y) ' K, L, t ... , R F - .. e ' s r 
s "- T 1 
v2 
1 £' p - - <1 - - -K t ,. R d(y ·- y)' F ' e' .. ' s r 
. r! 
.•!.• 
.. 
' 
Cr:J, ·-~- o· Q' -~-, ·c:3· .. · ·3·:., .. · .. · ...... ;:_. 
e C ) (1.4) Q'' 
' r 
-
For the sake of- compa-ri$Q.n·_, .w¢· c~p. rewr:t:te- eq,Jat.i-p_:n: (2 .~3..6) , 
which was obtained theoretically, .i--n tJ::,.e· .following f or,n_:: 
s 
- = K ( 1 -· C ·)·· . ·r· . 
1 v2 
-(1 C )2 (d(y 
.4 D 
s 
.. 
1 1 
- -p 2 (cot 9)2 y)) 
-
~. 
-
1 (3 :·s) 
- -• •--•,,..••"••-- ,,,·,·-·•••·- ··---·--•-~•• -•>.- -•·-·••·•-••••••••••-••"--••-•-
. ,---···-- ..... -- ·-·--- ------ ----- --·--····· 
· · It i·s obvious that equations (3. 4) and (3·. 5) are very similar: However,· 
. .·~ '· , .. 
it must be pointed out that e_quation '(2.36) ·is used only ··for the "ult}mate" 
scour depth-.-
,. 
•.,/. 
. ·-v 
·· •... 
.... : 
• ···---:,--.• .• -· . _;,..-.b 
' l 
. -~ 
I 
I 
.... : . 
•. 
. -; 
.•. 
r 
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4. E X P .E 'R I M E N T A -L .· A P P A R A T U S 
''-· 
. ~,,~. AND PROCEDURE 
4 • .1 Apparatus ~. 
. .... 
. .... · .. 
The wave chann·er is two feet wi:d¢;: two feet deep, :a:n:'d 67 feet 
J:ot1g, glass walled w:ith a·bsorbers at b.otl~ ends. (Fig. 10}. T.-h~ 
absorbers were built with fat.tr :thtn JJe.rf·or~:ited alUI11inum sheets. These 
sheets were hotted togeth,er ,With a·. }/4 inc::h ~pacing b,etwef=vn them, and 
.f.Q.t d'.ownstream absorber :the·se s:heets w.ere inst:alled o.n a 5/16 inch 
:alum,i.num _impermeable plat:e. T~e: pJ:ilte. :is irtcliri¢d- at 15 · degrees to ·th·e-
h.o:t±-zontal. (The absorber, which ,is:,. b.eh.in.cl th~ gene.rater, is inclined. 
at ·45. d·egtees·:.) It should be nobe·d that the c:lo:wn.st.ream :abs·orb:er-.was·· 
.n:ot us~d in the stu·dy·. There arE!: '.f'ciils., along tlie erit:i,te' c.hanne 1 to· ('' 
~upport a ~ovabl~ carriage. 
' 
• :c·arr1age. 
~. ·:; ,:, - . . .. 
~ 
' ...... 
· th·.e ::gene·rator is of p.Efridtiluur t)fpe:, t:he unit consists ·of an 
:~ 
' 
oscillating- plate, Vickers.transmiss.ion, ·and ii 3/4 HP W~stinghouse: AC 
;.,,,· 
,. ... .. -~ . 
. electri~ motir, which operates at a- :maximum speed of 1725 rpm. on ·:9:._4. amp,s 
. 
and 115 volts. The frequen.cy o.f .t.he generator can v.ar.y~_.fr.om .. zero to i·,·l 
_, 
cycles per second •. · T11e: stroke, period. and movemen~ of ~sci llating plat_e 
of t;he generator is adjustable so that the- cleslred wave height, wave 
' length and wave period may be obt~j.n~cJ. •. 
( 
•I', 
-. . 
. · •. 
• 
.. 
' .......... ..... 
l. 
,!' 
~ 
' i 
' ' f. 
.... 
' 
·-.• 
., 
.. 
·-'4·. 
'·:.· ... ·-:.,: .. 
.-......., 
-, 
.,. 2 7 
'\ 
i 
• The wave recorder consists of a s·anborn Twin-Viso Recorder 
4 • ....... 
atid a. -:s:a:r1born Strain Gage Amplifier. · The Sanborn Twin-Vi so Recorder is 
'. 
' 
a; ·-tw9-.channel graphic recording system. Direct-writing recording in 
t·-ru·e re.ctilinear coordinates is accomplished by passing beated styli 
. 
ov·er the plastic_,~c·oated surface of the recordtng paper as it passes over· 
' . . . 
a knife-edge p.la.te. A third stylus records ·either o.ne ~ec_ond tipij.ng 
~ .,- . 
pulses or µtarker traces to iden_t:ify phenomena of par:t:i.eular .i:nt·eres·t • 
. -
·A· CihO.i-~.e 9£. paper s-peeds l~etween 0.5 .and 100 milimeters per ~econd i.s 
.·.! 
PHYSICAL 
LOADING 
..... . . 
. 
-
-
--
-
TRANSDUCER 
-
-
-
-
.! .... · 
·~. 
·! .~ ; 
~· 
.I 
.. 
. , 
,. 
. ~ 
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- RECORDING 
-
AMPLIFIER 
I ' 
' ;,,.-: .. : 
·• --< '.'.'·4 •• 
FINISH 
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···, 
.• 
,· ·. · .. _. 
.,.,. 
,. 
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Fig. 9 Schematic diagi-am of capacitance- .\. 
type wave recording 
r -
'.''-
- ' 
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' I ' 
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·,. The transducer ·1s ess~ritiBlly a part of a·capacitance bridge,· which 
'• I 
" acts as a capacitor whose· c--a1pacity varies directly with the .. d.epth of 
I 
.~-
-
, submergenc.e. 
· . ...f! 
.... 
•. ! . 
4.2 Geometric Configuration ~; 
."-··~ 
' .P> 
- - -=----
A false bottom of .five inttJ1es :c:J·eep and a bu.lk·~head of 
f I 
.. 
plywood were placed ·und~r th.e genet:'~.t.or ··and extenp.ed toward seawall of 
'· 
15 fee•t. S·and bed :five inches d:e·e:_~ ~xtencled _throu __ g:h.-
... · ) . ; ~ 
the ·t~ The seawalls, .also made of plywood, . out the remainder of 
we·re placed in front of .the downstream. abso:rber.. ·Wire-me.sh .f.ilt~.·t 
. • ~· . 
~ 
~- ··-- .. ~'.-~.· ... . --~·tapq'(lt·~·-j_:: feee-~~rtrt·cts:. ·.and :2-·~r~e:-w1.de')·-·vas···-p·ta·ced aoouc·~5~·-fe~·ct·n:·'-:f:r·cint 0.f:O .. ~--"-· ··---'··· . .,.. .. 
·. 
. . · .. ,\,, 
t.he: ge,nerat:o~ . .in· -.an a:tte.mpt to: ·t-'educe the reflected-wa~es h~.tting_:· i- the 
,.., . 
· padd:.l.e -~nd .. c:atrs:ing :r.e-·re:f°le.G·t:ed: waves. Unfort'tinately, -it is ver:y 
.. 
d.if·f.icult (i.f noe· impossible) to ctit down the ·r:e:fl:ected-..;~aves complete:ly~ ~ 
S·chematic diagJ;lUll of the experimental s.et.~u:'p is shown' in Figure· 11. 
I 
Gr(i~~ size .distrip·u·:t:i:qt1. curve for the .:s:and' is shown in Figure 12. 
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4.3 Experimental Procedure 
.. . " 
-~ ~ .r 
The: experimenta~ :pr,o:gtarn w·~-s.i··-c.dnducted acc·o:rdlng·, t .. O:: fhe follow-; . . I, 
l.ii.g t-ah:1e ::-:. 
T A B L E 3 
'· 
EXPERIMENTAL PROGRAM . : ·.· · , " ' ·· / 
- .. ... . .. ····--··-. ------ __ _,._· ___ ·---:-··-,-----·-------', ----,-----· ·.:: .. ...,.c;.:· .. ·---:---·-····· ·---~-7:·.-- .. - ·---
Experiment 
No. 
Al 
A2 
A'3. '\ 
Il:6: 
H/L 
; 
I .. 
0.03314 
0. 040_12 
1 
0:. _()_3·.:2.91 
:ct. Q'.3621 
o_.-02680 
:.0.0274.1 
B':8: :o: •. O f73:·2 
~/ 
ClO 
·c11 
:G.l2 
0 :02609 
.. . .·. 
0.02609 · 
0 .04057 
·o •.. 0Ja:s·2: 
H/D 
·-...,. .. __ 
0.38400 
0 .42125 
O··~ J4556' 
j I '· 
:, 
:o-·· · 1:-3···  s· ·. -s· it ~-~ ..... 
o. 33.SS.2_: . . . . . . 
0 .·44000 
0.49000 
' 
L/D 
10.500 
10.500 
10 .500· ~ . . . .. . . 
9.563 
12.500 
14.000 
17.466 
.12. 65·.6'. 
12.~_656 
10.844 
~--.' 
,. I 
10.600 
T · Remarks 
( sec) 
1.265 · 15 degree 
1.600 
· l •. 41Q'· 
:2:. 080 
. .  . . 
2· .·JQ'{j :. . .. .. . 
1 ... ::620 
. .. . 
2.000 
2.000 
1 .. 500 
\ 
1.:500 
Seawall 
" . 
" 
',H·· 
·H. 
.No Seawall 
45 Degree 
Seawall 
II 
II 
B:efore each experiment, the s:a"n,d· bed was· c·arefully _ _g~e led, 
'!J.Eive recorde·r· calibrated, water depth: ·ch·ecked, .. a.n.d.: w·ave· peri~d ... and wave 
-
. -
lengt~ adjusted. The ref lee ti on CJJf;fff'i:c.iJ~rits· and wave· heights were 
.. _. 
'Q -· rf ~·~- .. ' Lo • • .c. .-'----.. .... ,-· - . "'. ' ........ ; ~ •. -·~--·. ' ... ·..:. - - - - - : ·-·· ..;. "~ . ·' - --,-., .. - -,;• 
taken at a location between 10 to· 20 fe~t away from the seawall. The .. 
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scotir depths were taken upstream of ·the .. seawall over a distance .of 
20 feet. All expe·rime~ts were co·nduc·ted until the scour depths be~-artie: 
fairly constant with time; 
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-~ P R E S -E. N T A T I O N AND 
.. 
D I S C U S S I O N 0 F RESULTS 
5.1 Observations 
. . . . ~ 
- - ~ - - . -- --------~- -~-
. -~ - - - . .. ' . - - . : ' ' - - ·, .f)Z' .. ·-.:;: •' '~· . . - ' ' .- ... 
I. 
... 
,., 
I 
-~ 
. . ... ~ '· .;··: 
·""' A few minutes after the· wave 1motion started, ri pp:le:s were 
ob se.rved:···-under. .·t.h.e- nocl.e.~ of th'e wavd " .,ve lope, ,a:s stated :i.n· s:ec:·tt.on 2 .• .5 •. 
·,/ 
·Ho,-iev·er., th.·e :·ri_pp·l_e.s. -we·r..e -not th·e nodes· o"f th:e enve~,ope: 
I, .• , 
r, . ,- . 
. ~nci~ t_h:~r~. was . c:1. )s:-p?ce l;ag be-tw·een the J'ri ppl:e c·luster:s'' .and. the nodes: 
.. 
-; O'f th:.e envelope .• This phen·ome_:~1-a, was. als·o obs.erv.ed ·b.y other· inyes.tig_a:t·:.0r.:s~ 
~-
.. 
thirty minute:s the r.~pples c.ove,_r·e.d the. e·ntire bed. ·However., the: ra:te-= 
; 
·.,· 
o=f ripple format-ion .wa~s fa·ste-r iri. the:" landward. direction .than in. "the: 
·- ~ 
1 seaward direction·. The·: s:and wa~ve length_ was approxi~a-te·ly con~t;an.t 
throughout the w·hole ·t:,e·st.. T:he ·slopes of the ripples were flatter on 
the seaward side and· stee·p·Err: o:ri. lanqward side.. It is interesting to· note 
·that the angle of re-pose was .. much ;gre-atet when .. the ·water was in motion ·: 
than when the water was sti_l:1.- (A riia-ximliln a·ngle :of repose of 42 degrees 
had.been found when the w&ter was in moti.on-, a·nd 37 degrees for the 
still wa_te~ ripples sand). A few hours· 1ater, usually in about one- to. 
three ho:u~rs, sand-scoQred form~tions {sand ha-rs) began to appear among:: 
the ripples. 
• I I 
By this· time t·he crests of ·the sa·nd scour formation~ .-
· 1 ' 
I ' • 
• 
developed· under the ·nodes_ ·pf the envelope and the troughs of the s.·c_Q_llr_ 
formations were under th~ ldop~ of the envelope. Ag~in the crests -and 
,.-.;;.. -· ,:. 
I 
- ... - .... 
,,, 
' ... 
~- 1 ' 
j 
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-.~ 
•: 
.l 
I : 18" • I 1 
________________________________ ...,.,,,,,....,,.,,...~-----------------L_~ ...;,...~--------~--
28 11 20 11 
of .Envelope 
,- 26
11 
L 
•i 
--- Sand Scour Formation 
-Original Sand Bed Surface 
77777777/777777777777 7777777777 77777777777777777777777777777777 7 7 777 77 777 7·77777777777 
. ., 
' 2811 I = • = 
.J I 
21 11 
I • • 
I 
I 
I ~ 
.; 
~----..~------l/~--_-_c_r,,.-es~ of©-Envelope • 
I 
20 11 
· 30 11 I I = .e • Surface .,. 
---
• I 
Sand Scour Formation 
~-
_··~ LOrlglnal =:n~B~ __ _ 
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 
~ 
"• 
.-!: -
, Fig. 13 Sand scour and enye lope • 
. " 
....... .i 
·f ·. 
: 
I 
• I 
• 
.f: . 
-~ 
- ""' - _-:_-:: 
- ..... 
..... ,• 
.•. 
. ,,_.....,,,, 
/ . 
. . 
.,:.... 
-
I 
.• 
\ .. 
Ii·. 
. 
-36 
0 
t~oughs Qf the scour were· rto't exactly under the 11pde,s and foopfi, ofth:e 
envelope. (An actual mea.surement of this l:>henome.na. is pr·e-sent·ed tn-
Fi·gure 13). T_his relative position la~ste'd throughout the· temaind·er ·of 
. 
. 
-t·he test. The sand bars moved back and fort-h but the abovef re.lati.ve .. 
position remained ·the same. No definit.e explanat_ion- of the< above"·-·····: 
.... .., 
·phenomenon h.as ·,been reached by the au:t.hor. T:he pr:o.bab.le· a--nswer may 
"be due to the fiact. t:l)a·.c t::be '_m:ass transfer· was a.:(fec·ted to some :exte-nt· •. 
by the closed· system.. {Mass tr~nsport e.qu,at.f:on involving. vis:c:o·sl.ty· 
. term· had· been .. d·eve loped by Launguet - Hlg·gtrrs · :i.n 1953). ( lZ) · The scour . -
- v~ 
.l·en.g.tp., (s·anct wave· length) remai-_n·s, the s:ame ·fr:om the- f.i.r.$t fonn.ation 
"°; ~--·: . 
#,. ., 
.r:. 
until tb.e. ,sand scour 1~:ngt:}1 i:s '·not· ... a .. function o.·f s.~qur depth and time- . 
• 
nearly constant .f.dr sever.al ·hours, the exp,e'l:.:iment was te_rmi.:na·tecl. ·. 
Usually this too·k ·mo+e- t:han twenty four ·ho.urs. 0'.ne. e~pE!r:im~·n."t': .had ._b·een, 
.• 
run for fi_f.ty -ho.ut:s and. there was no ·-itld:i..c-ation. :o,f .. any s·u,dq¢n :cJ::1:~:n.g'e o.r· 
· unusual ph.~Qot11eria. 
-s . ·t· 
'.5·~2 Relations.hip Between Kandt. 
-
. 
.:•. ;, ,• 
All the experim~nts indi-cate that there is a limit of scour· 
d'epth which will be approached asymptotically. In other words, this 
limit will be reached at infinite time. The scour depth increas.es -very· 
(,.. ; . . ..
swiftly in the first f·ew hours to a certain value .and then t·he .. sc·.ouritl_~ 
. process slows down and reaches a state of what other ii:ivest·igat.ors 
called "ultimate" scour depth. · It is theoretically wrong t9 say the_r.f:! 
will be no scour when the ultimate scour depth is reached. · ,s::Lrtce the: 
.•. 
.. 
. t' 
, 
.. 
b 
[ 
r,, 
.. 
. . 
• 
. ,.,.;: 
,, 
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..... 
s.cour ~limit is approached .as'ymptoticaily:,., no matter how small· the·. 
. .... 
increase in scour there is always a ~et small rate of scour. Figur·e 14 
·····~1···' . '· ... S . . T 
1·•·s ·.a plot o.f. -~_-· v·.ersu_ s ~--. 
· · · . K · ·· t· Sis the average scour~depth taken withiri.~. 
. !, 
· ·r·_a(!ge: :of 15 · fe·et in fro.nt_ of the ·seawal 1. The t.epn: ,:T./ t: is act-u·atiy t.he 
nwnb·er of waves acting on t··he ·bed. 
5.3 
-s Relationship Between~ and C~ 
.:-. 
s1,·. 
' s 
Figure 15 is a plot of . K ver su~ c·r· £9r ·.a; .15 clegree seawall •. 
_Fj.·gu_~e l,6. ts. a piot of S· vers·us C ., for 45° .seaw~ri. It appears that 
·r . 
. :,.. :~ . 
t.h·e· :"s:c·:o-ur· d.e.p_:th :Ls only· -a :ra·ndom fuqct:"ioti ttf _the r.~flection coeffici·~_rt.t.: .• 
rh-i.s: is_ probably d·u.e to the fa·ct- th.at th.e r:e::f·lec.tion · coeff i_cie1\t: .. d_epend_s 
.. 
on. 'the· -wave chat·ac·t~r-i,stic·s, s.eaw.a 11 :s ltip¢· ltnd: ·ktnemati:c. beh:~ryior :µppn.. 
hit-:ting. _i'he -sea\~iall. ·T.he.re .is :a,, g,rea.t -d_e:al o:f· .. differ:ence betwe~t;t t}i_e:: · 
--
.~-: '.· 
_,:· . 
. ~:· 
=- •:.· .. ·- watl for· the .. ·sarrie wa·ve '·-c.haracter_i_stics. 
. ' . s 
-~----4 Relationship Between K A .• an.d L 
.,-
\ 
~Ji :i·nfluenced by wave height, water. depth~ -.se .. awall slope· and - reflection· 
GQe:f.ficierit-. The ··iame ··re~u_lts ·h·ave been obtained by_ the author .• : 'f.~: 
$ct>·ur length :i.s about :half the wave length. 
5.5 A Comparison Between Calculated Values and Experimental Results 
. .) Table 4 shows the scour dep~hs computea by equatiqn 2 .36 and . 
. ,....._ __ 
-the experimental result·s·~ S is the average val_ue at tbe ultimate 
condition and S is the maximum value recorded during_ the test. · tt max 
., 
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·r. AB L E 4. 
A c·oMPARISON BETWEEN CAL~ULATED VALUES 
AND.EXPERIMENTAL RESULTS 
· Calculated Value 
from Eq. 2.36* 
'in. 
y = ~ 6 ·. :y "-~-- 5·d 
-1.13 
1 ,5·.6·· 
. .. . 
1.·.22 . . .. 
1-3:5 
. . -. 
1.09 
1.21 
·O "585: : - ... ' . 
l .. :9-s~o: 
. . . 
1.170 
2.380 
s 
:o ._'·457 
I.103 
1. 17··0 · 
... ·.. . 
l ·3.''00-. . . . . 
1 '420 
. . . -· 
1 3:73 
. · ....... 
-
... 
.:.40 
. .f 
. ·,· 
'."":' 
~; --· 
.,. 
:s 
· ma:x 
·;n 
. L .··• ..... . 
:0 .. 5.0 
. .. . ·. 
1 so: 
. . .. . . . 
1 ___ 55 
.. 
·1 • .::so 
· ..... . 
1 ... :ao 
·- .. 
~- ...... 
1..45 
~ 
. '"-~ J::· 
* Th~ .dis.plaCeinent boundary layer thickn~S~ fl:! ;EOUnd.Jrom 6·~.t. 72 ("1;) 2 •• 
-~b.ove calct11ati.on .is bas'e:.d on- t_l}:e ~s:sun1pt:Lon of .Y · : ·1, 6:. and 
t) = ·u i . , y <:112) 2 . A c.al.culation -of .the -re·s-u_lt·~ ba:_sed: :on- :tne :a.s.·s.umpti:on 
, .. 
of y = .5 d. ·ts-' al._s:o listed in col~m1µ: .3:!I 
been made :becau.se of the sand· di'"ameter be~ng ·so smai.1 a.nd- :als:o bec~us'~-
the _po$s.i.b1lity ·that .. sever.~l sand pa.r.ticles might pile: tog.ether •. 
·., 
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·-!:. 
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l 
:-.\ · .. 
:sev'·era"l .. d·ifff cu;ltl~S were enc_,o;u.ntered· d\1t.i:ng t.he- experimeCltal._ p~a-~ei oJ 
~ ' 
. 
. 
I 
' r v. ~· .... ·. 
. ' 
· c.omp1.e.te.ly. atten,µatecl b-y· the· :.w.£re,.::r;ne-sli.- ·-filter pl_aqe"d Jµst ·i:n fr.ont o>f 
~-
. . 
·Figure: t6 is 9 'plot u.f. w,ave hei_ght, a.nd~(efle·c·tt·on· 
:....,,• 
· a.n·d re·'"".r:·ef lected waves. (Ati :cl·V_er·a,g·e. 'w·ave l:le:.lgfit i $ ··_used in all- ·the c .. at-
2·. ''I·' :I_.t wcU,· ·ve:ry diff:i-cu.l.:t~ :run .t.h.'e ,te:~:-t _co-nt.i.nuous:1:y: ov·er a 
p~rl:_od 11f. 20: ~t-o ,30, h:our s:. Some t.e-sts .had t.o b·e- :st:o.ppecl s:everal :t ime2S 
b .. e:fo.re t:h··-e ··µ:l.tt.nrate.·,: .. condition. had been ·reache·a .. 
. -·:::. -----~--.--." ... _,;_:: :r:..L·, -··-.·~-:- •. · . .:--··.-!"· ·':"~-- .· ••. 
,d 
.,· •.>-- ,--.,'"',"" • .::;,-::i\' M~• ·-::::.~::- .f:_ • .. ..:.... • 
·:,. 
h'9·d. bee:n.:obser.:ved {g_ene·t·ally ab.o.ut 39f 40:, 41 d·'e.g_rees). . . 
. .A n:Dt.·h er· me a:s:.t1 r:~ -
•: 
and th~ re.~_d:f n&J,· were only· :30., 3.;z.:,. and 34 :de:gr~es.. (A maxim4m. of 35: 
. , ;ficqlty i.n ·deter.m:~ning · t·he d.rag c·oef.ficients' :arr~. wa:t::Efit J>"ar·t·ic·t~ vel:o~-;. 
-~ 
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· ·6. S U M-M A R Y A N D C ·o N C L U S I O N ... S ··· 
· A mathematical model to .describe the scour in. .ftont· ·o.f :a 
. . 
.'h 
-~e:·aw.:all i·s pre:sented. The mode,1 was :elev-eloped from:._,t·he '_h:ydro_m~ic:hanic_al-' 
cop:ce,p·t,s; i.e.- e-q~ation of ~ont-inuity and· boundary laye:r . 
. ·- ' 
S - K fr1- C ) 
r 
r 3 CD p cot e k 2 
u* l (4d ) I< (.p ... l) (ys -- 'Y) 
whe-r.e- K; . (D - \ A} 0 ifc'. :(6' ... Z) 
., 
where s· i:s · t·he: .sc'.Dur i·n. front: pf a :.s.eawa.11 ~- 'D, t·he, still t{atet: .d.e,pth·, 
i. de.fined as ·I\ + 8a_.-, Gr f;~: the: :reflect.io~ _:-·co:efficien.:t ., C. t·s th.e d·tag·: ·· .· ..... ' 
_., ·c.oefficien:t, p ls the- dens:i.. ~Y of _·water:_, e i:s .angle /of :.re:pose :d t_s: , 
• 
. . 
w_e·~gJ1; o·:f ·sand and water resp:ect:·i·ve_ly. 
·:\ , . 
. ..:: 
.·. ·F·rom the theoretical analy-sis :and experimental obset·vatto.n,.: 
"'the, following conclusions ~re reached-: 
.. ~-
~-
... ' .. ~,I"-·-·~· 1. .The r·fpples first start .u11der. :the·. nod:es of. the ·Efrty,¢1qpe 
/ 
·and exterid .toward both sides. .However, the :r:a·t·e o.f ·r_i .. pp:Ie ·f~ornta.t.i·.o:n °· 
........ 1-•· 
toward the lanawatd side is faster. 
. \ 
.. 2. In consid.ering the mathemat:i·cal ·rtfode 1 the most important 
. , 
.factors which affect the ri:pple form-ati.on are water velocity and sand 
diameter. 
. . ' - ···-' ·--· .... , .. , ... ·---··;·,·-. . 
•• -- . i. 
..... 
:·..-· 
~- . . -
.. ·t 
.•. 
:t 
··---:.:- ~·-, •.· ,-, .. ·..,.' . 
•• 
,, 
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.. 
.. 
-!·tinc:t·i.o:n :of·· wa.ye -1¢ngth ~:i'l! 
'•' .. 
,;·., 
·' 4·. T:here·. a;ppe··at;·_s···to. ·b_e -a limi:t ·fo;r· scour.: :di~:pth .b._u-.t ·th{:s If.mi-t 
~ ~ -;: 
..... 
.,.._ 
$ -.:::i-s:. T·he sco·ur ·d-~.pth a:ppear;:s· -to b"fi a, ra.n·d.om .fut1c-t'i_on of 
V 
-refle·c.t:"ion coefficient wht.c·h· ·i.s ct futict-:i-on· of wave· ch9r.ac:.·t:·e·ristics, sea:-. 
--~ -- . - -
--- ·-·· .. ·.~ ._ ·-·~-..---::_' 
vta·.11 -~·:i_p,p~s:~ ~nd kinemati'c. co:rr£1;·gtii:8:t.i.ot1 upon _·hiit-ting the· seawall. 
l· 
'--,~- .. ,:: 
;, .: 
. 
. 6. The :(Ii:ait1 :fa·c.t.or· ~-ont.ro:t ling- t:he: :scoµ,t :i.s'- tb-e- · ·b·ou:ndar_y· 
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